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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to aircraft motor drive control apparatuses for driving motors mounted in aircrafts
to drive devices installed in the aircrafts, and controlling the operational status of the motors.

Description of the Related Art

[0002] Various electrically powered devices are installed in an aircraft, and such devices are driven by motors (electric
motors) mounted in the aircraft. One example of the aforementioned devices is an electrically powered hydraulic pump
for supplying pressure oil to an actuator for driving a control surface formed as a moving surface (flight control surface)
and configured as an aileron or an elevator, or the like, as disclosed in JP 2007-46790A. Another example is an electrically
powered hydraulic pump for supplying pressure oil to an actuator that drives a moving surface configured as a flap, a
spoiler, or the like, an electric actuator for driving a moving surface such as the above-mentioned control surface or
spoiler, or a leg (a mechanism supporting the body of an aircraft on the ground) such as a landing gear (undercarriage).
[0003] A motor drive control apparatus (aircraft motor drive control apparatus) that is also mounted in the aircraft drives
a motor for driving those devices, and controls the operational status of the motor. From the viewpoint of improvement
in efficiency, it is possible to use, as such a motor drive control apparatus, a motor drive control apparatus including an
inverter that has a switching element and drives a motor and a controller that performs a pulse width modulation control
(PWM control) of this inverter.
[0004] In the above-described motor drive control apparatus including an inverter and a controller that performs PWM
control, the control performance is improved by increasing the PWM frequency, which is the switching frequency (carrier
frequency) of the switching element. However, an increase in the PWM frequency leads to an increase in a loss in the
switching element that is proportional to the PWM frequency, resulting in an increase in the amount of heat generation
as well. Therefore, it is desired to provide a motor drive control apparatus that can ensure control performance and
suppress heat generation in a well-balanced manner.
[0005] On the other hand, JP 2010-57243A discloses, as a motor drive control apparatus provided in a vehicle, a
motor drive control apparatus that controls the PWM frequency from the viewpoint of reducing the noise generated
depending on the frequency band of the PWM frequency, in addition to the viewpoints of ensuring control performance
and suppressing heat generation. Note that the motor drive control apparatus disclosed in JP 2010-57243A is configured
to perform synchronous PWM control if the current supplied to the motor by an inverter or the torque generated in the
motor is greater than a threshold. Furthermore, if the above-mentioned current or torque is smaller than the threshold,
this motor drive control apparatus is configured to perform synchronous PWM control or asynchronous PWM control
and set the PWM frequency higher than in the case where the above-mentioned current or torque is greater than the
threshold.
[0006] In the prior art, the following documents relate to the technological background of the present invention:

[0007] Document D1 discloses a motor drive control apparatus for driving a motor and controlling an operational status
of the motor comprising an inverter that has a switching element in the control unit that performs pulse width modulation
control of the inverter. The PWM frequency is controlled. Similar matter is similarly disclosed in document D2 which
includes a further example where the high-frequency is lowered to a low-frequency after some predetermined time has
elapsed. Furthermore, the upper-limit of the temperature is checked in document D2. Documents D3-D5 relate to other
control systems.

D1 JAHNS T M ET AL: "INTEGRATED CURRENT REGULATION FOR A BRUSHLESS ECM DRIVE", IEEE 
TRANSACTIONS ON POWER ELECTRONICS, INSTITUTE OF ELECTRICAL AND ELECTRONICS 
ENGINEERS, USA, vol. 6, no. 1, 1 January 1991 (1991-01-01), pages 118-126, XP000175326, ISSN: 
0885-8993, DOI: 10.1109/63.65010

D2 US 5 744 927 A (HAYASHIDA TAKAHIRO [JP]) 28 April 1998 (1998-04-28)
D3 JP H05 308704 A (HITACHI LTD) 19 November 1993 (1993-11-19)
D4 US 2004/124808 A1 (HIRONO DAISUKE [JP]) 1 July 2004 (2004-07-01)
D5 EP 1 496 608 A2 (FANUC LTD [JP]) 12 January 2005 (2005-01-12)
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SUMMARY OF THE INVENTION

[0008] For a motor drive control apparatus (aircraft motor drive control apparatus) used for drive control of a motor for
driving a device installed in an aircraft, a reduction of the noise generated depending on the frequency band of the PWM
frequency is hardly needed, whereas it is desired to provide a motor drive control apparatus that can ensure control
performance and suppress heat generation on a higher level in a well-balanced manner. Therefore, it is difficult to achieve
this to a satisfying level with such a configuration as that of the motor drive control apparatus disclosed in JP 2010-57243A,
in which the PWM frequency is controlled with synchronous PWM control or by selecting one of synchronous PWM
control and asynchronous PWM control according to whether the current supplied to the motor or the generated torque
is greater or smaller than a threshold.
[0009] Further, the required operational status of a device installed in an aircraft changes depending on various
situations, including not only a situation where the flight condition of the aircraft is stable, but also a situation where the
flight condition of the aircraft changes suddenly due to the weather or air current conditions, a situation where the aircraft
takes off or lands, and a situation where an unexpected trouble has occurred. Accordingly, it is desired that a motor
drive control apparatus that performs drive control of a motor for driving a device whose operational status changes
depending on the situations of the aircraft in this way can efficiently ensure control performance and suppress heat
generation on a higher level in a well-balanced manner.
[0010] Moreover, if the technique for ensuring control performance and suppressing heat generation on a higher level
in a well-balanced manner is realized, the size of a heat sink that serves as a heat releasing means can be reduced,
which leads to realization of a further size reduction of the configuration of the motor drive control apparatus. In the case
where the further size reduction of the heat sink is thus achieved, it is desirable to realize a protective function that allows
the motor to continue to operate while suppressing temperature rise, without stopping the motor operation to protect the
motor drive control apparatus even if the amount of heat generation rises due to unsteady operational conditions.
[0011] In light of the foregoing actual situation, it is an object of the present invention to provide an aircraft motor drive
control apparatus that is used for drive control of a motor for driving a device whose operational status to be required
changes depending on the situation of an aircraft, and is capable of efficiently ensuring control performance and sup-
pressing heat generation on a high level in a well-balanced manner, achieving a size reduction of its configuration, and
further realizing a protective function that allows the motor to continue to operate while suppressing temperature rise
even if the amount of heat generation rises due to unsteady operational conditions. This object is solved by claim 1.
Further advantageous embodiments and improvements of the invention are mentioned in the dependent claims. Here-
inafter, before coming to a detailed discussion of the embodiments of the invention with reference to the attached
drawings, some particularly important features/aspects of the invention which contribute to the understanding of the
invention will be discussed separately below.
[0012] An aircraft motor drive control apparatus according to a first feature of the present invention to achieve the
above-stated object is an aircraft motor drive control apparatus for driving a motor mounted in an aircraft to drive a device
installed in the aircraft, and controlling an operational status of the motor, comprising: an inverter that has a switching
element and drives the motor; and a control unit that performs pulse width modulation control of the inverter, the control
unit including: a command signal processing unit that outputs a PWM frequency control signal for controlling a PWM
frequency, which is a switching frequency in the switching element, based on a signal from a controller that generates
a PWM frequency command signal for specifying the PWM frequency; and a PWM frequency control unit that controls
the PWM frequency based on the PWM frequency control signal, wherein the command signal processing unit receives,
as the PWM frequency command signal, one of a first PWM frequency command signal and a second PWM frequency
command signal, if the command signal processing unit has received the first PWM frequency command signal, the
command signal processing unit outputs, as the PWM frequency control signal, a low PWM frequency command signal
for causing the PWM frequency control unit to control the PWM frequency so that synchronous PWM control or asyn-
chronous PWM control is performed at the PWM frequency in a predetermined frequency range, if the command signal
processing unit has received the second PWM frequency command signal, and until a time period that has passed after
the receipt of the second PWM frequency command signal reaches a predetermined time period without receipt of the
first PWM frequency command signal, the command signal processing unit outputs, as the PWM frequency control
signal, a high PWM frequency command signal for causing the PWM frequency control unit to control the PWM frequency
so that synchronous PWM control or asynchronous PWM control is performed at the PWM frequency in a higher frequency
range than the predetermined frequency range, and if the command signal processing unit has received the second
PWM frequency command signal and the time period that has passed without receipt of the first PWM frequency command
signal after the receipt of the second PWM frequency command signal has reached the predetermined time, the command
signal processing unit outputs, as the PWM frequency control signal, the low PWM frequency command signal.
[0013] With this configuration, a PWM frequency command signal is transmitted from the controller to the aircraft motor
drive control apparatus. The controller can transmit either the first PWM frequency command signal or the second PWM
frequency command signal as the PWM frequency command signal in accordance with the situation of the aircraft. For
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example, the controller can transmit the first PWM frequency command signal in a situation where high response and
high-speed rotation of the motor are seldom required, as in a state where the flight condition of the aircraft is stable.
Furthermore, the controller can transmit the second PWM frequency command signal if a state occurs where high
responses, high-speed rotation, and high output of the motor are highly required when high-output driving is necessary
at the time of or after activation in a situation where, for example, the flight condition of the aircraft is likely to change
suddenly depending on the weather or air current conditions, in a situation where the aircraft takes off or lands, or in a
situation where a sudden trouble has occurred.
[0014] With this configuration of the aircraft motor drive control apparatus, if the first PWM frequency command signal
is received, the PWM frequency is controlled so that synchronous PWM control or asynchronous PWM control is per-
formed at a PWM frequency in the predetermined frequency range. Therefore, by setting the predetermined frequency
range to low frequencies, the PWM frequency is set to be a low frequency in the situation where high response of the
motor is seldom required. Consequently, a loss in the switching element can be reduced appropriately in a range with
which control performance can be ensured in accordance with the situation surrounding the aircraft, and heat generation
can be suppressed. Meanwhile, with this aircraft motor drive control apparatus, the PWM frequency is controlled at a
PWM frequency in the higher frequency range than the above-described predetermined frequency range if the second
PWM frequency command signal is received. Therefore, it is possible to ensure sufficient control performance and
achieve high response of the motor appropriately in accordance with the situation of the aircraft. Accordingly, because
the PWM frequency is efficiently controlled based on the command signal transmitted from the controller in accordance
with the situation of the aircraft, the aircraft motor drive control apparatus can ensure control performance and suppress
heat generation on a high level in a well-balanced manner. Furthermore, it is thus possible to reduce the size of a heat
sink serving as a heat releasing means, and achieve a further size reduction of the configuration of the aircraft motor
drive control apparatus.
[0015] With the aircraft motor drive control apparatus, the command signal processing unit outputs the high PWM
frequency command signal until a predetermined time period elapses after the receipt of the second PWM frequency
command signal, and switches the PWM frequency control signal to be output thereby to the low PWM frequency
command signal when the predetermined time period has elapsed. Therefore, the PWM frequency is set to a low
frequency after a lapse of the predetermined time period even if the amount of heat generation rises due to unsteady
operational conditions in the case where the second PWM frequency command signal has been transmitted from the
controller because of the situation where high response, high-speed rotation, and high output of the motor are highly
required. It is thus possible to reduce a loss in the switching element to suppress heat generation, and achieve a protective
function that allows the motor to continue to operate while suppressing temperature rise, without stopping the operation
of the motor to protect the motor drive control apparatus.
[0016] Accordingly, with the above-described configuration, it is possible to provide the aircraft motor drive control
apparatus that is used for drive control of the motor for driving a device whose required operational state changes
depending on the situation of the aircraft, and that is capable of efficiently ensuring control performance and suppressing
heat generation on a high level in a well-balanced manner, reducing the size of the configuration, and further achieving
a protective function that allows the motor to continue to operate while suppressing temperature rise even if the amount
of heat generation rises due to unsteady operational conditions.
[0017] An aircraft motor drive control apparatus according to a second feature of the present invention is the aircraft
motor drive control apparatus of the first feature, further comprising a temperature measurement unit that measures a
temperature of the inverter, wherein the control unit has an upper-limit temperature determination unit that calculates a
temperature change per unit time based on a result of temperature measurement at the temperature measurement unit,
and outputs an upper-limit temperature determination signal to the command signal processing unit if the upper-limit
temperature determination unit determines that the temperature will reach a predetermined upper-limit temperature, and
the command signal processing unit outputs, as the PWM frequency control signal, the low PWM frequency command
signal if the command signal processing unit has received the second PWM frequency command signal, and until the
time period that has passed after the receipt of the second PWM frequency command signal reaches the predetermined
time period without receipt of the first PWM frequency command signal, and further, if the command signal processing
unit has received the upper-limit temperature determination signal.
[0018] With this configuration, the command signal processing unit outputs the high PWM frequency command signal
after receiving the second PWM frequency command signal, and switches the PWM frequency control signal to be output
thereby to the low PWM frequency command signal when the predetermined time period has elapsed. However, even
before the predetermined time period elapses, the command signal processing unit switches the PWM frequency control
signal to be output thereby to the low PWM frequency command signal if the command signal processing unit has
received the upper-limit temperature determination signal. Therefore, even before the predetermined time elapses in
the case where the second PWM frequency command signal has been transmitted from the controller because of the
situation where high response, high-speed rotation, and high output of the motor are highly required, the PWM frequency
is set to a low frequency if the amount of heat generation rises due to unsteady operational conditions, and heat generation
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is thereby suppressed. It is thus possible to further enhance the protective function that allows the motor to continue to
operate while suppressing temperature rise, without stopping the operation of the motor to protect the motor drive control
apparatus.
[0019] An aircraft motor drive control apparatus according to a third feature of the present invention is the aircraft
motor drive control apparatus of the second feature, wherein the control unit includes a current control unit that controls
a current supplied to the motor by the inverter, the upper-limit temperature determination unit outputs the upper-limit
temperature determination signal also to the current control unit, and the current control unit reduces the current supplied
to the motor by the inverter if the current control unit receives the upper-limit temperature determination signal while the
PWM frequency control unit is controlling the PWM frequency based on the low PWM frequency command signal output
by the command signal processing unit after receiving the upper-limit temperature determination signal.
[0020] With this configuration, the command signal processing unit outputs the high PWM frequency command signal
after receiving the second PWM frequency command signal, and switches the PWM frequency control signal to be output
thereby to the low PWM frequency command signal when the predetermined time period has elapsed. Even before the
predetermined time period elapses, the command signal processing unit switches the PWM frequency control signal to
be output thereby to the low PWM frequency command signal if it has received the upper-limit temperature determination
signal. However, if, in this state, the current control unit has received the upper-limit temperature determination signal,
the current control unit reduces current supplied to the motor. Therefore, even if the upper-limit temperature determination
signal has been received before the predetermined time period elapses in the case where the second PWM frequency
command signal has been transmitted from the controller because of the situation where high response, high-speed
rotation, and high output of the motor are highly required, the current supplied to the motor is reduced if the upper-limit
temperature determination signal is received again because the amount of heat generation rose due to unsteady oper-
ational conditions, and heat generation is thus suppressed. It is thus possible to further enhance, on a higher level, the
protective function that allows the motor to continue to operate while suppressing temperature rise, without stopping the
operation of the motor to protect the motor drive control apparatus.
[0021] An aircraft motor drive control apparatus according to a fourth feature of the present invention is the aircraft
motor drive control apparatus of the first feature, wherein further comprising a temperature measurement unit that
measures a temperature of the inverter, wherein the controller includes: a current control unit that controls a current
supplied to the motor by the inverter; and an upper-limit temperature determination unit that calculates a temperature
change per unit time based on a result of temperature measurement at the temperature measurement unit, and outputs
an upper-limit temperature determination signal to the current control unit if the upper-limit temperature determination
unit determines that the temperature will reach a predetermined upper-limit temperature, and the current control unit
reduces the current supplied to the motor by the inverter if the current control unit has received the upper-limit temperature
determination signal.
[0022] With this configuration, the command signal processing unit outputs the high PWM frequency command signal
after receiving the second PWM frequency command signal, and switches the PWM frequency control signal to be output
thereby to the low PWM frequency command signal when the predetermined time period has elapsed. However, even
before the predetermined time period elapses, the current control unit reduces current supplied to the motor if the current
control unit has received the upper-limit temperature determination signal. Therefore, even before the predetermined
time elapses in the case where the second PWM frequency command signal has been transmitted from the controller
because of the situation where high response, high-speed rotation, and high output of the motor are highly required, the
current supplied to the motor is reduced if the amount of heat generation rises due to unsteady operational conditions,
and heat generation is thereby suppressed. It is thus possible to further enhance the protective function that allows the
motor to continue to operate while suppressing temperature rise, without stopping the operation of the motor to protect
the motor drive control apparatus.
[0023] An aircraft motor drive control apparatus according to a fifth feature of the present invention is an aircraft motor
drive control apparatus for driving a motor mounted in an aircraft to drive a device installed in the aircraft, and controlling
an operational status of the motor, comprising: an inverter that has a switching element and drives the motor; a control
unit that performs pulse width modulation control of the inverter, and a temperature measurement unit that measures a
temperature of the inverter, the controller including: a command signal processing unit that outputs a PWM frequency
control signal for controlling a PWM frequency, which is a switching frequency in the switching element, based on a
signal from a controller that generates a PWM frequency command signal for specifying the PWM frequency; a PWM
frequency control unit that controls the PWM frequency based on the PWM frequency control signal; and an upper-limit
temperature determination unit that calculates a temperature change per unit time based on a result of temperature
measurement at the temperature measurement unit, and outputs an upper-limit temperature determination signal to the
command signal processing unit if the upper-limit temperature determination unit determines that the temperature will
reach a predetermined upper-limit temperature, wherein the command signal processing unit receives, as the PWM
frequency command signal, one of a first PWM frequency command signal and a second PWM frequency command
signal, if the command signal processing unit has received the first PWM frequency command signal, the command
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signal processing unit outputs, as the PWM frequency control signal, a low PWM frequency command signal for causing
the PWM frequency control unit to control the PWM frequency so that synchronous PWM control or asynchronous PWM
control is performed at the PWM frequency in a predetermined frequency range, if the command signal processing unit
has received the second PWM frequency command signal but has not received the upper-limit temperature determination
signal, the command signal processing unit outputs, as the PWM frequency control signal, a high PWM frequency
command signal for causing the PWM frequency control unit to control the PWM frequency so that synchronous PWM
control or asynchronous PWM control is performed at the PWM frequency in a higher frequency range than the prede-
termined frequency range, and if the command signal processing unit has received the second PWM frequency command
signal and also received the upper-limit temperature determination signal, the command signal processing unit outputs,
as the PWM frequency control signal, the low PWM frequency command signal.
[0024] With this configuration, the PWM frequency is efficiently controlled based on the command signal transmitted
from the controller in accordance with the situation of the aircraft, as with the aircraft motor drive control apparatus of
the first feature, and therefore, it is possible to ensure control performance and suppress heat generation on a high level
in a well-balanced manner. Furthermore, it is thus possible to reduce the size of a heat sink serving as a heat releasing
means, and achieve a further size reduction of the configuration of the aircraft motor drive control apparatus.
[0025] With the aircraft motor drive control apparatus of the fifth feature, the command signal processing unit outputs
the high PWM frequency command signal if it receives the second PWM frequency command signal but does not receive
the upper-limit temperature determination signal, while the command signal processing unit switches the PWM frequency
control signal to be output thereby to the PWM frequency command signal if it receives the upper-limit temperature
determination signal. Therefore, the PWM frequency is set to a low frequency if the amount of heat generation increases
due to unsteady operational conditions in the case where the second PWM frequency command signal has been trans-
mitted from the controller because of the situation where high response, high-speed rotation, and high output of the
motor are highly required. It is thus possible to reduce a loss in the switching element to suppress heat generation, and
achieve a protective function that allows the motor to continue to operate while suppressing temperature rise, without
stopping the operation of the motor to protect the motor drive control apparatus.
[0026] Accordingly, with the above-described configuration, it is possible to provide the aircraft motor drive control
apparatus that is used for drive control of the motor for driving a device whose required operational state changes
depending on the situation of the aircraft, and that is capable of efficiently ensuring control performance and suppressing
heat generation on a high level in a well-balanced manner, reducing the size of the configuration, and further achieving
a protective function that allows the motor to continue to operate while suppressing temperature rise even if the amount
of heat generation rises due to unsteady operational conditions.
[0027] An aircraft motor drive control apparatus according to a sixth feature of the present invention is the aircraft
motor drive control apparatus of the fifth feature, wherein the control unit includes a current control unit that controls a
current supplied to the motor by the inverter, the upper-limit temperature determination unit outputs the upper-limit
temperature determination signal also to the current control unit, and the current control unit reduces the current supplied
to the motor by the inverter if the current control unit receives the upper-limit temperature determination signal while the
PWM frequency control unit is controlling the PWM frequency based on the low PWM frequency command signal output
by the command signal processing unit after receiving the upper-limit temperature determination signal.
[0028] With this configuration, the command signal processing unit outputs the high PWM frequency command signal
after receiving the second PWM frequency command signal, and switches the PWM frequency control signal to be output
thereby to the low PWM frequency command signal if it has received the upper-limit temperature determination signal.
However, if, in this state, the current control unit further has received the upper-limit temperature determination signal,
the current control unit reduces the current supplied to the motor. Therefore, even if the upper-limit temperature deter-
mination signal has been received in the case where the second PWM frequency command signal has been transmitted
from the controller because of the situation where high response, high-speed rotation, and high output of the motor are
highly required, the current supplied to the motor is reduced if the upper-limit temperature determination signal is received
again because the amount of heat generation rose due to unsteady operational conditions, and heat generation is thereby
suppressed. It is thus possible to further enhance the protective function that allows the motor to continue to operate
while suppressing temperature rise, without stopping the operation of the motor to protect the motor drive control appa-
ratus.
[0029] It should be appreciated that the above and other objects, features and advantages of the present invention
will become apparent from the following description taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030]

FIG. 1 is a schematic diagram showing an aircraft motor drive control apparatus according to one embodiment of
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the present invention, together with a hydraulic circuit including a device to which this aircraft motor drive control
apparatus is applied.
FIG. 2 is a block diagram showing a configuration of the aircraft motor drive control apparatus shown in FIG. 1.
FIG. 3 is a flowchart illustrating processing performed in the aircraft motor drive control apparatus shown in FIG. 2.
FIG. 4A is a graph illustrating processing performed in the aircraft motor drive control apparatus shown in FIG. 2.
FIG. 4B is a graph illustrating processing performed in the aircraft motor drive control apparatus shown in FIG. 2.
FIG. 5 is a flowchart illustrating processing performed in an aircraft motor drive control apparatus according to a
modification.
FIG. 6 is a flowchart illustrating processing performed in an aircraft motor drive control apparatus according to a
modification.

DETAILED DESCRIPTION OF THE INVENTION

[0031] An embodiment for implementing the present invention will be hereinafter described with reference to the
drawings. Note that the embodiment of the present invention can be widely applied to aircraft motor drive control appa-
ratuses and aircraft motor drive control systems that drive motors mounted in aircrafts to drive devices installed in the
aircrafts and control the operational status of the motors.
[0032] FIG. 1 is a schematic diagram showing an aircraft motor drive control apparatus 2 according to one embodiment
of the present invention and an aircraft motor drive control system 1 including this aircraft motor drive control apparatus
2, together with a hydraulic circuit including a device to which they are applied. Note that the present embodiment will
be described, taking, as an example, the case where the device to which the aircraft motor drive control apparatus 2 is
applied is a backup hydraulic pump 12 installed in an aircraft (not shown).
[0033] In the following description, a description will be first given of the hydraulic circuit including the backup hydraulic
pump 12 to which the aircraft motor drive control apparatus 2 (hereinafter also simply referred to as "motor drive control
apparatus 2") and the aircraft motor drive control system 1 (hereinafter also simply referred to as "motor drive control
system 1") provided therewith are applied, and then of the motor drive control apparatus 2 and the motor drive control
system 1.
[0034] Note that the backup hydraulic pump 12 included in the hydraulic circuit shown in FIG. 1 is provided as an
electrically powered hydraulic pump for supplying pressure oil to an actuator 13a that drives a moving surface 100 of
the aircraft (not shown). The moving surface 100 is provided as a flight control surface, and configured as a control
surface such as, for example, an aileron installed on a main wing, an elevator installed on a tailplane, or a rudder installed
on a vertical tail. The moving surface 100 may alternatively configured as a flap, a spoiler provided as a flight spoiler or
a ground spoiler, or the like.
[0035] The moving surface 100 shown in FIG. 1 is installed on a fixed wing. For example, if the moving surface 100
is provided as an elevator, it is installed on a tailplane serving as a fixed wing. The moving surface 100 is configured to
be driven by a plurality of (e.g., two) actuators (13a, 13b). Inside the fixed wing on which the moving surface 100 is
installed, the actuators (13a, 13b) for driving the moving surface 100 and the backup hydraulic pump 12 configured to
supply the pressure oil to the actuator 13a, which is one of the actuators (13a, 13b), are installed.
[0036] As shown in FIG. 1, each actuator (13a, 13b) has a cylinder 15, a rod 16 provided with a piston 16a, and so
on. The cylinder 15 is internally divided by the piston 16a into two oil chambers that are not in communication with each
other. Each oil chamber in the cylinder 15 in the actuator 13a is able to be in communication, via a control valve 17a,
with a first aircraft central hydraulic power source 101 and a reservoir circuit 103. Meanwhile, each oil chamber in the
cylinder 15 in the actuator 13b is able to in be communication, via a control valve 17b, with a second aircraft central
hydraulic power source 102 and a reservoir circuit 104.
[0037] Each of the first aircraft central hydraulic power source 101 and the second aircraft central hydraulic power
source 102 has a hydraulic pump for supplying the pressure oil, and is provided as a hydraulic power source that works
as an independent system and is installed on an airframe (not shown) side (inside an airframe). The actuators (13a,
13b) for driving the moving surface 100 and actuators (not shown) for driving moving surfaces other than the moving
surface 100 are configured to operate by the pressure oil being supplied from the first and second aircraft central hydraulic
power sources (101, 102).
[0038] The reservoir circuit 103 has a tank (not shown) into which oil (hydraulic fluid) discharged from one of the oil
chambers in the actuator 13a after being supplied thereto as the pressure oil flows and returns, and is further in com-
munication with the first aircraft central hydraulic power source 101. The reservoir circuit 104, which is configured as a
system independent from the reservoir circuit 103, has a tank (not shown) into which oil (hydraulic fluid) discharged from
one of the oil chambers in the actuator 13b after being supplied thereto as the pressure oil flows and returns, and is
further in communication with the second aircraft central hydraulic power source 102, which is configured as a system
independent from the first aircraft central hydraulic power source 101. The pressure of the oil that has returned to the
reservoir circuit 103 is raised by the first aircraft central hydraulic power source 101, and the oil is then supplied to the
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actuator 13a. Meanwhile, the pressure of the oil that has returned to the reservoir circuit 104 is raised by the second
aircraft central hydraulic power source 102, and the oil is then supplied to the actuator 13b.
[0039] The control valve 17a is provided as a valve mechanism for switching the state of connection of the oil chambers
in the actuator 13a to a supply path 101a in communication with the first aircraft central hydraulic power source 101 and
a discharge path 103a in communication with the reservoir circuit 103. The control valve 17b is provided as a valve
mechanism for switching the state of connection of the oil chambers in the actuator 13b to a supply path 102a in
communication with the second aircraft central hydraulic power source 102 and a discharge path 104a in communication
with the reservoir circuit 104. The control valve 17a is configured as, for example, a solenoid-operated control valve,
and is driven based on a command signal from an actuator controller 11a for controlling operation of the actuator 13a.
The control valve 17b is configured as, for example, a solenoid-operated control valve, and is driven based on a command
signal from an actuator controller 11b for controlling operation of the actuator 13b.
[0040] The above-mentioned actuator controller 11a controls the actuator 13a based on a command signal from a
flight controller 3 that is a superordinate computer that commands the moving surface 100 to operate in the motor drive
control system 1. The actuator controller 11b controls the actuator 13b based on a command signal from the flight
controller 3.
[0041] As a result of the above-mentioned control valve 17a being switched based on a command from the actuator
controller 11a, the pressure oil is supplied from the supply path 101a to one of the oil chambers in the cylinder 15, and
the oil is discharged from the other oil chamber to the discharge path 103a. Thus the rod 16 is displaced with respect
to the cylinder 15, and the moving surface 100 is driven. Note that a description of the control valve 17b, which is
configured in the same manner as the above-described control valve 17a, will be omitted.
[0042] The backup hydraulic pump 12 is installed inside a fixed wing (not shown) on which the moving surface 100 is
provided, and is configured to supply the pressure oil to the hydraulically powered actuator 13a for driving the moving
surface 100. The backup hydraulic pump 12 is connected so as to be in communication on its suction side with the
discharge path 103a, and is connected so as to be in communication on its discharge side with the supply path 101a
via a check valve 19 so that the pressure oil can be supplied to the supply path 104a. The backup hydraulic pump 12
is provided as a hydraulic pump capable of supplying the pressure oil to the actuator 13a in the case where a loss or
degradation of the function (pressure oil supply function) of the first aircraft central hydraulic power source 101 occurs
due to failure, oil leakage, or the like of the hydraulic pump in the first aircraft central hydraulic power source 101.
[0043] The supply path 101a is provided, on the upstream side (the first aircraft central hydraulic power source 101
side) of a portion connected to the backup hydraulic pump 12 on the discharge side thereof, with a check valve 20 for
allowing a flow of the pressure oil to the actuator 13a and preventing a reverse oil flow. The discharge path 103a is
provided, on the downstream side (the reservoir circuit 103 side) of a portion connected to the backup hydraulic pump
12 on the suction side thereof, with a relief valve 21 for discharging the pressure oil to the reservoir circuit 103 when the
pressure of the oil discharged from the actuator 13a rises. The relief valve 21 is provided with a pilot pressure chamber
that is in communication with the supply path 101a and in which a spring is disposed. If the pressure of the pressure oil
supplied from the supply path 101a falls below a predetermined pressure value, the pressure (pilot pressure) of the
pressure oil supplied as the pilot pressure oil from the supply path 101a to the above-mentioned pilot pressure chamber
also falls below a predetermined pressure value, and the discharge path 103a is blocked by the relief valve 21. In the
case of a loss or degradation of the function of the first aircraft central hydraulic power source 101, the oil discharged
from the actuator 13a does not return to the reservoir circuit 103, but the pressure of the oil is raised by the backup
hydraulic pump 12, and the pressure oil with the raised pressure is supplied to the actuator 13a because of provision of
the above-described check valves (19, 20) and the relief valve 21.
[0044] The motor 14, which is provided as an electric motor, is connected to the backup hydraulic pump 12 via a
coupling, and is configured to drive the backup hydraulic pump 12. In other words, the motor 14 constitutes a motor in
the present embodiment that is mounted in the aircraft (not shown) for driving the backup hydraulic pump 12, which
serves as a device in the present embodiment that is installed in the aircraft.
[0045] The motor 14 is configured as, for example, a synchronous motor. Note that although the motor 14 may
alternatively be configured as any electric motor other than a synchronous motor, the efficiency can be improved with
the motor 14 configured as a synchronous motor, as compared with the motor 14 configured as an induction motor that
causes slip, which is a delay of a rotational speed of a rotor relative to a rotating magnetic field of a stator. Furthermore,
the motor 14 is provided with a rotation angle sensor 14a for detecting the rotational speed (number of rotations) of the
motor 14. The rotation angle sensor 14a is constituted by, for example, a rotary encoder, a resolver, a tacho generator,
or the like.
[0046] Next, a description will be given of the motor drive control system 1 and the motor drive control apparatus 2
according to the present embodiment that drive the motor 14 and control the operational status thereof. FIG. 2 is a block
diagram showing the motor drive control system 1 and the motor drive control apparatus 2. As shown in FIGS. 1 and 2,
the motor drive control system 1 includes the flight controller 3 and the motor drive control apparatus 2.
[0047] The flight controller 3 is provided as a computer that controls operation of the moving surface 100, and constitutes
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a controller in the present embodiment for transmitting various signals to the motor drive control apparatus 2. The
operational status of the motor 14 is controlled by the motor drive control apparatus 2 based on the signals from the
flight controller 3. Note that the flight controller 3 includes, for example, a CPU (Central Processing Unit), a memory, an
interface, and so on, which are not shown in the drawings.
[0048] The flight controller 3 is connected to a pressure sensor (not shown) for detecting the discharge pressure of
the first aircraft central hydraulic power source 101 or the pressure of the pressure oil that passes through the supply
path 101a so that a pressure detection signal detected by this pressure sensor is input to the flight controller 3. The flight
controller 3 is configured to detect a loss or degradation of the function of the first aircraft central hydraulic power source
101 based on the above-mentioned pressure detection signal.
[0049] Upon the flight controller 3 detecting a loss or degradation of the function of the first aircraft central hydraulic
power source 101, the motor 14 is started to run, the backup hydraulic pump 12 operates, and the pressure oil is supplied
to the actuator 13a under the control of the motor drive control apparatus 2 based on a command from the flight controller
3. Note that after the backup hydraulic pump 12 is thus activated, the rotational speed and output torque of the motor
14 are controlled through the control of the motor drive control apparatus 2 based on a signal from the flight controller
3 in conformity with the operational state of the actuator 13a suitable for the flight condition of the aircraft (not shown).
[0050] Further, the flight controller 3 activates the motor 14 not only in the situation where a sudden trouble such as
a loss or degradation of the function of the first aircraft central hydraulic power source 101 has occurred, but also in a
situation where the flight condition of the aircraft is likely to change suddenly depending on the weather or air current
condition, or in a situation where the aircraft takes off or lands, or the like. Thus, in such situations as those described
above, the pressure oil is supplied from the backup hydraulic pump 12 to the actuator 13a, resulting in enhancement in
the function of pressure oil supply to the actuator 13a. Furthermore, even if a loss or degradation of the function of the
first aircraft central hydraulic power source 101 suddenly occurs in such situations as those described above, safe flight
can be immediately secured because the motor is already operating. After the backup hydraulic pump 12 is activated
as above, the rotational speed and output torque of the motor 14 is controlled through the control of the motor drive
control apparatus 2 based on a signal from the flight controller 3 in association with the operational state of the actuator
13a suitable for the flight condition of the aircraft. Note that exemplary cases where the motor 14 is activated at the time
of takeoff and landing include a case where the moving surface 100 is provided as a ground spoiler.
[0051] As shown in FIG. 2, the motor drive control apparatus 2 includes a DC power source 22, an inverter 23, a
control unit 24, and so on. The DC power source (direct-current power source) 22 is provided as a rectifier (converter)
for rectifying alternating current supplied from, for example, an AC power source installed in the body of the aircraft into
direct current.
[0052] The inverter 23 has a switching element such as an IGBT (Insulated Gate Bipolar Transistor) or the like, and
is configured to drive the motor 14 by electric power from the DC power source 22 based on a command from the control
unit 24. The value of current that runs through a drive line connecting the inverter 23 to the motor 14 is detected by a
current sensor 30 and input to the control unit 24. The inverter 23 is provided with a temperature measurement unit 23a
configured as a temperature sensor for measuring the temperature of the inverter 23.
[0053] The control unit 24 is provided as a control circuit for performing pulse width modulator control (PWM control)
of the inverter 23. The control unit 24 controls the rotational speed of the motor 14 based on a speed command signal
generated by the flight controller 3 for specifying the rotational speed of the motor 14 to control the operation of the
backup hydraulic pump 12, as well as a rotation angle detection value at the rotation angle sensor 14a. As shown in
FIG. 2, the control unit 24 includes a command signal processing unit 25, a speed control unit 26, a current and voltage
control unit 27, a PWM signal generation unit 28, a PWM frequency control unit 29, an upper-limit temperature deter-
mination unit 31, and so on.
[0054] The upper-limit temperature determination unit 31 is configured so as to receive input of a signal associated
with a result of temperature measurement on the inverter 23 by the temperature measurement unit 23a. This upper-limit
temperature determination unit 31 calculates a temperature change per unit time based on the temperature measurement
result at the temperature measurement unit 23a, and outputs an upper-limit temperature determination signal to the
command signal processing unit 25 and the current and voltage control unit 27, which will be described later, upon
determining that the measured temperature will reach a predetermined upper-limit temperature. Note that the control
unit 24 is provided with a timer (not shown) for measuring time, and the result of time measurement by this timer is
constantly input to the upper-limit temperature determination unit 31, the command signal processing unit 25, the speed
control unit 26, the current and voltage control unit 27, the PWM signal generation unit 28, and the PWM frequency
control unit 29.
[0055] Regarding the upper-limit temperature determination by the upper-limit temperature determination unit 31,
various modes thereof can be employed. For example, the upper-limit temperature determination unit 31 determines
whether or not the temperature will reach a predetermined upper-limit temperature when it is assumed, based on the
measured temperature and the temperature change per unit time at the time of the temperature measurement, that this
temperature change continues for a predetermined time period from this temperature measurement.
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[0056] The command signal processing unit 25 outputs a PWM frequency control signal for controlling the PWM
frequency based on a signal from the flight controller 3 that generates a PWM frequency command signal for specifying
the PWM frequency, which is a switching frequency (carrier frequency) of the switching element in the inverter 23.
[0057] The command signal processing unit 25 receives, as the PWM frequency command signal, either a first PWM
frequency command signal or a second PWM frequency command signal. Note that either the first PWM frequency
command signal or the second PWM frequency command signal is transmitted from the flight controller 3 to the command
signal processing unit 25 in the motor drive control apparatus 2 in accordance with the situation of the aircraft.
[0058] The first PWM frequency command signal is configured as a signal for causing the command signal processing
unit 25 to output a low PWM frequency command signal. In other words, if the command signal processing unit 25 has
received the first PWM frequency command signal, it outputs the low PWM frequency command signal as the PWM
frequency control signal. Here, the low PWM frequency command signal is configured as a signal for causing the PWM
frequency control unit 29, which will be described later, to control the PWM frequency so that synchronous PWM control
or asynchronous PWM control is performed at a PWM frequency in a predetermined frequency range.
[0059] Note that the low PWM frequency command signal may be configured as a signal for causing the PWM frequency
control unit 29 to control the PWM frequency so that only synchronous PWM control is performed at a PWM frequency
in a predetermined frequency range. Alternatively, the low PWM frequency command signal may be configured as a
signal for causing the PWM frequency control unit 29 to control the PWM frequency so that only asynchronous PWM
control is performed at a PWM frequency in a predetermined frequency range.
[0060] The second PWM frequency command signal is configured as a signal for causing the command signal process-
ing unit 25 to output a high PWM frequency command signal or a low PWM frequency command signal. The command
signal processing unit 25 outputs the high PWM frequency command signal as the PWM frequency control signal if the
command signal processing unit 25 has received the second PWM frequency command signal, and until a time period
that has passed after the receipt of the second PWM frequency command signal reaches a predetermined time period
without receipt of the first PWM frequency command signal. Further, the command signal processing unit 25 outputs
the low PWM frequency command signal as the PWM frequency control signal if the command signal processing unit
25 has received the second PWM frequency command signal and the time period that has passed after the receipt of
the second PWM frequency command signal reaches the predetermined time period without receipt of the first PWM
frequency command signal.
[0061] Here, the high PWM frequency command signal is configured as a signal for causing the PWM frequency
control unit 29, which will be described later, to control the PWM frequency so that synchronous PWM control is performed
at a PWM frequency in a higher frequency range than the predetermined frequency range in the case of the low PWM
frequency command signal.
[0062] Note that the high PWM frequency command signal may be configured as a signal for causing the PWM
frequency control unit 29 to control the PWM frequency so that only asynchronous PWM control is performed at a PWM
frequency in a higher frequency range than the predetermined frequency range in the case of the low PWM frequency
command signal. Alternatively, the high PWM frequency command signal may be configured as a signal for causing the
PWM frequency control unit 29 to control the PWM frequency so that synchronous PWM control or asynchronous PWM
control is performed at a PWM frequency in a higher frequency range than the predetermined frequency range in the
case of the low PWM frequency command signal.
[0063] Further, the command signal processing unit 25 outputs the low PWM frequency command signal as the PWM
frequency control signal if the command signal processing unit 25 received the second PWM frequency command signal,
and until the time period that has passed after the receipt of the second PWM frequency command signal reaches the
predetermined time period without receipt of the first PWM frequency command signal, and further, if the command
signal processing unit 25 has received the upper-limit temperature determination signal.
[0064] FIG. 3 is a flowchart illustrating processing performed at the above-described command signal processing unit
25. At the command signal processing unit 25, the processing shown in the flowchart of FIG. 3 is repeatedly executed.
First, at the command signal processing unit 25, it is determined whether or not the PWM frequency command signal
received from the flight controller 3 is the first PWM frequency command signal (step S101). Then, if the first PWM has
been received (step S101, Yes), the low PWM frequency command signal is output as the PWM frequency control signal
(step S105).
[0065] On the other hand, if it is determined that the first PWM frequency command signal has not been received (step
S101, No), it is then determined whether or not the signal from the flight controller 3 is the second PWM frequency
command signal (step S102). If it is determined that the second PWM frequency signal has not been received (step
S102, No), it indicates the state where neither the first PWM frequency command signal nor the second PWM frequency
command signal has been received by the command signal processing unit 25. In this case, the processing in step S101
and subsequent steps is performed again.
[0066] On the other hand, if the second PWM frequency command signal has been received (step S102, Yes), it is
further determined whether or not the time period that has passed after the receipt of the second PWM frequency



EP 2 621 083 B1

11

5

10

15

20

25

30

35

40

45

50

55

command signal has reached the above-described predetermined time period without receipt of the first PWM frequency
command signal (step S103). Note that the time period that has passed after the receipt of the second PWM frequency
command signal without receipt of the first PWM frequency command signal is determined during when the processing
shown in the flowchart of FIG. 3 is repeatedly performed.
[0067] If it is determined in step S103 that the time period that has passed after the receipt of the second PWM
frequency command has not reached the above-described predetermined time period signal without receipt of the first
PWM frequency command signal (step S103, No), it is determined next whether or not the upper-limit temperature
determination signal has been received from the upper-limit temperature determination unit 31 (step S104). If it is
determined that the upper-limit temperature determination signal has not been received (step S104, No), the high PWM
frequency command signal is output as the PWM frequency control signal (step S106).
[0068] On the other hand, if it is determined in step S103 that the time period that has passed after the receipt of the
second PWM frequency command signal has reached the predetermined time period without receipt of the first PWM
frequency command signal (step S103, Yes), the low PWM frequency command signal is output as the PWM frequency
control signal (step S105). In this case, the state immediately before the low PWM frequency command signal is output
is the state until the predetermined time period elapses, and therefore, the high PWM frequency command signal has
been output. Accordingly, in this case (step S103, Yes), the PWM frequency control signal is switched from the high
PWM frequency command signal to the low PWM frequency command signal (step S105).
[0069] If it is determined in step S104 that the upper-limit temperature determination signal has been received (step
S104, Yes), the low PWM frequency command signal is output as the PWM frequency control signal (step S105). In this
case (step S104, Yes), the state immediately before the low PWM frequency command signal is output is the state at
the time when the high PWM frequency command signal has been output, and therefore, the PWM frequency control
signal is switched from the high PWM frequency command signal to the low PWM frequency command signal (step
S105). In other words, until the time period that has passed after the receipt of the second PWM frequency command
signal reaches the predetermined time period without the command signal processing unit 25 receiving the first PWM
frequency command signal, and if the upper-limit temperature determination signal has been received, the PWM fre-
quency control signal is switched from the high PWM frequency command signal to the low PWM frequency command
signal.
[0070] At the command signal processing unit 25, after steps S105 and S106 are performed, the processing in step
S101 and subsequent steps is performed again. In other words, in the command signal processing unit 25, the processing
in steps S101 to S106 is repeatedly performed.
[0071] The speed control unit 26 shown in FIG. 2 is configured to perform feedback control of the rotational speed of
the motor 14 based on the speed command signal for the motor 14 transmitted from the flight controller 3 and input via
the command signal processing unit 25, and the rotation angle detection signal at the rotation angle sensor 14a.
[0072] Furthermore, at the current and voltage control unit 27, a current command value is calculated based on an
output torque command signal transmitted from the flight controller 3 and a current detection value detected by the
current sensor 30. Furthermore, the current and voltage control unit 27 calculates a voltage command value based on
the calculated current command value. The current and voltage for the motor 14 are controlled based on the above
current command value and voltage command value.
[0073] The current and voltage control unit 27 constitutes a current control unit in the present embodiment for controlling
the current supplied to the motor 14 by the inverter 23. If this current and voltage control unit 27 receives the upper-limit
temperature determination signal while the PWM frequency control unit 29, which will be described later, is controlling
the PWM frequency based on the low PWM frequency command signal output by the command signal processing unit
25 after receiving the above-mentioned upper-limit temperature determination signal, the current and voltage control
unit 27 reduces the current supplied to the motor 14 by the inverter 23.
[0074] The PWM signal generation unit 28 is configured to compare a sine wave serving as the voltage command
value generated by the current and voltage control unit 27 with a triangular wave serving as a carrier wave generated
by the PWM frequency control unit 29, which will be described later, to generate a PWM waveform signal.
[0075] The PWM frequency control unit 29 is configured to control the PWM frequency based on the PWM frequency
control signal output from the command signal processing unit 25. Here, FIGS 4A, and 4B are graphs illustrating process-
ing shown as an example of the processing in the present embodiment performed at the PWM frequency control unit
29, schematically showing a relationship between the PWM frequency and the rotational speed of the motor 14.
[0076] If the high PWM frequency command signal is input as the PWM frequency control signal, the PWM frequency
control unit 29 controls the PWM frequency so that asynchronous PWM control is performed at a fixed high frequency,
as shown in FIG. 4A. In other words, in this case, the PWM frequency control unit 29 generates a triangular wave at the
PWM frequency being a fixed high frequency that is not synchronous with an output frequency of the inverter 23 that
specifies the rotational speed of the motor 14 and with the rotational speed of the motor 14.
[0077] If the low PWM frequency command signal is input as the PWM frequency control signal, the PWM frequency
control unit 29 controls the PWM frequency so that asynchronous PWM control is performed if the rotational speed of
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the motor 14 is below a predetermined rotational speed, and synchronous PWM control is performed if the rotational
speed of the motor 14 is higher than or equal to the predetermined rotational speed, as shown in FIG. 4B. In other words,
in this case, the PWM frequency control unit 29 generates a triangular wave at the PWM frequency being a fixed low
frequency that is not synchronous with an output frequency of the inverter 23 and with the rotational speed of the motor
14 if the rotational speed of the motor 14 is below the predetermined rotational speed. On the other hand, if the rotational
speed of the motor 14 becomes higher than or equal to the predetermined rotational speed, the PWM frequency control
unit 29 generates a triangular wave at the PWM frequency being a low frequency that is synchronous with the output
frequency of the inverter 23 and with the rotational speed of the motor 14.
[0078] The PWM frequency control unit 29 is also configured to, for example, adjust the control gain of the control
loop for the speed control unit 26 and the current and voltage control unit 27 when performing control for changing the
PWM frequency. The PWM frequency control unit 29 is configured to shift the PWM frequency to a newly switched PWM
frequency while incrementing or decrementing the PWM frequency when, for example, switching between the PWM
frequency control based on the high PWM frequency command signal and the PWM frequency control based on the
low PWM frequency command signal.
[0079] As described above, according to the present embodiment, the PWM frequency command signal is transmitted
from the flight controller 3 to the motor drive control apparatus 2. The flight controller 3 can transmit either the first PWM
frequency command signal or the second PWM frequency command signal as the PWM frequency command signal in
accordance with the situation of the aircraft. For example, the flight controller 3 can transmit the first PWM frequency
command signal in a situation where high response and high-speed rotation of the motor are seldom required, as in a
state where the flight condition of the aircraft is stable. Furthermore, the flight controller 3 can transmit the second PWM
frequency command signal if a situation occurs where high responses, high-speed rotation, and high output of the motor
14 are highly required when high-output driving is necessary at the time of or after activation, as in a situation where the
flight condition of the aircraft is likely to change suddenly depending on the weather or air current conditions, a situation
where the aircraft takes off or lands, or a situation where a sudden trouble has occurred.
[0080] In the motor drive control apparatus 2, if the first PWM frequency command signal is received, the PWM
frequency is controlled so that synchronous PWM control or asynchronous PWM control is performed at a PWM frequency
in the predetermined frequency range. Therefore, by setting the predetermined frequency range to low frequencies, the
PWM frequency is set to be a low frequency in the situation where high response of the motor 14 is seldom required.
Consequently, a loss in the switching element can be appropriately reduced to the extent to which control performance
can be ensured in accordance with the situation of the aircraft, and heat generation can be thereby suppressed.
[0081] Meanwhile, in the motor drive control apparatus 2, the PWM frequency is controlled at the PWM frequency in
the higher frequency range than the above-described predetermined frequency range if the second PWM frequency
command signal is received. Therefore, it is possible to ensure sufficient control performance and achieve high response
of the motor 14 appropriately in accordance with the situation of the aircraft. Accordingly, because the PWM frequency
is efficiently controlled based on the command signal transmitted from the flight controller 3 in accordance with the
situation of the aircraft, the motor drive control apparatus 2 is able to ensure control performance and suppress heat
generation on a high level in a well-balanced manner. Furthermore, it is thus possible to reduce the size of a heat sink
serving as a heat releasing means, and also achieve a further size reduction of the configuration of the motor drive
control apparatus 2.
[0082] In the motor drive control apparatus 2, the command signal processing unit 25 outputs the high PWM frequency
command signal until a predetermined time period elapses after the receipt of the second PWM frequency command
signal, and switches the PWM frequency control signal to be output to the low PWM frequency command signal when
the predetermined time period has elapsed. Therefore, the PWM frequency is set to a low frequency after a lapse of the
predetermined time period even if the amount of heat generation has increased due to unsteady operational conditions
in the case where the second PWM frequency command signal has been transmitted from the flight controller 3 because
of the situation where high response, high-speed rotation, and high output of the motor 14 are highly required. It is thus
possible to reduce a loss in the switching element to suppress heat generation, and achieve a protective function that
allows the motor 14 to continue to operate while suppressing temperature rise, without stopping the operation of the
motor 14 to protect the motor drive control apparatus 2.
[0083] Accordingly, according to the present embodiment, it is possible to provide the aircraft motor drive control
apparatus 2 and the motor drive control system 1 that are used for drive control of the motor 14 for driving the backup
hydraulic pump 12 that is a device whose required operational state changes depending on the situation of the aircraft,
and that are capable of efficiently ensuring control performance and suppressing heat generation on a high level in a
well-balanced manner, reducing the size of the configuration, and further achieving a protective function that allows the
motor 14 to continue to operate while suppressing temperature rise even if the amount of heat generation rises due to
unsteady operational conditions.
[0084] Furthermore, according to the present embodiment, the command signal processing unit 25 outputs the high
PWM frequency command signal after receiving the second PWM frequency command signal, and switches the PWM
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frequency command signal to be output to the low PWM frequency command signal when the predetermined time period
has elapsed. However, even before the predetermined time period elapses, the command signal processing unit 25
switches the PWM frequency control signal to be output to the low PWM frequency command signal if it has received
the upper-limit temperature determination signal. Therefore, even before the predetermined time elapses in the case
where the second PWM frequency command signal has been transmitted from the flight controller 3 because of the
situation where high response, high-speed rotation, and high output of the motor 14 are highly required, the PWM
frequency is set to a low frequency if the amount of heat generation rises due to unsteady operational conditions, and
heat generation is thereby suppressed. It is thus possible to further enhance the protective function that allows the motor
14 to continue to operate while suppressing temperature rise, without stopping the operation of the motor 14 to protect
the motor drive control apparatus 2.
[0085] Furthermore, according to the present embodiment, the command signal processing unit 25 outputs the high
PWM frequency command signal after receiving the second PWM frequency command signal, and switches the PWM
frequency control signal to be output to the low PWM frequency command signal when the predetermined time period
has elapsed. The command signal processing unit 25 also switches the PWM frequency control signal to be output to
the low PWM frequency command signal even before the predetermined time period elapses if it has received the upper-
limit temperature determination signal. However, even in this state, if the current and voltage control unit 27 has received
the upper-limit temperature determination signal, the current and voltage control unit 27 reduces current supplied to the
motor 14. Therefore, even if the upper-limit temperature determination signal has been received before the predetermined
time period elapses in the case where the second PWM frequency command signal has been transmitted from the flight
controller 3 because of the situation where high response, high-speed rotation, and high output of the motor 14 are
highly required, the current supplied to the motor 14 is reduced if the upper-limit temperature determination signal is
received again because the amount of temperature rose due to unsteady operational conditions, and heat generation
is thereby suppressed. It is thus possible to further enhance, on a higher level, the protective function that allows the
motor 14 to continue to operate while suppressing temperature rise, without stopping the operation of the motor 14 to
protect the motor drive control apparatus 2.
[0086] Although an embodiment of the present invention has been described thus far, the present invention is not
limited to the embodiment described above, and various modifications may be made within the scope recited in the
claims. For example, the following modifications can be made for implementation.

(1) Although the above embodiment has been described, taking the backup hydraulic pump as an example of a
device driven by the motor whose drive control is performed by the motor drive control apparatus and the motor
drive control system of the present invention, this need not be the case. In other words, the present invention may
be applied to a motor drive control apparatus and a motor drive control system that perform drive control of a motor
for driving any device other than the backup hydraulic pump.
For example, in the case where a hydraulic pump in an aircraft central hydraulic power source is configured as an
electrically powered hydraulic pump driven by a motor, the present invention may be applied to a motor drive control
apparatus that performs drive control of the motor for driving this hydraulic pump serving as a device installed in
the aircraft. Alternatively, in the case where an actuator for driving a moving surface is configured as an electric
actuator, the present invention may be applied to a motor drive control apparatus and a motor drive control system
that perform drive control of a motor for driving the electric actuator serving as a device installed in the aircraft.
Alternatively, the present invention may be applied to a motor drive control apparatus that performs drive control of
a motor for driving a leg (a mechanism supporting the body of an aircraft on the ground) such as a landing gear
(undercarriage) serving as a device installed in the aircraft.
(2) The above embodiment has been described, taking, as an example, a mode in which, as shown in the flowchart
of FIG. 3, it is determined whether or not the upper-limit temperature determination signal has been received from
the upper-limit temperature determination unit 31 (step S104) if it is determined that the time period that has passed
after the receipt of the second PWM frequency command has not reached the predetermined time period signal
without receipt of the first PWM frequency command signal (step S103, No). However, this need not be the case.
FIG. 5 is a flowchart illustrating processing performed at the command signal processing unit 25 in the motor drive
control apparatus 2 according to a modification.
With the processing according to the modification shown in FIG. 5, at the command signal processing unit 25 the
processing in step S104 is not performed, but steps S101 to S103, S105, and S106 are performed. In other words,
with the processing according to the modification shown in FIG. 5, if it is determined in step S103 that the time period
that has passed after the receipt of the second PWM frequency command signal has not reached the above-described
predetermined time period without receipt of the first PWM frequency command signal (step S103, No), the high
PWM frequency command signal is output as the PWM frequency control signal (step S106).
In the case where the processing according to the modification shown in FIG. 5 is performed at the command signal
processing unit 25, the upper-limit temperature determination signal from the upper-limit temperature determination
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unit 31 is not used for the determination at the command signal processing unit 25. However, in this case, the current
and voltage control unit 27 constitutes a current control unit in the present embodiment for controlling the current
supplied to the motor 14 by the inverter 23. If the current and voltage control unit 27 has received the upper-limit
temperature determination signal, it reduces the current supplied to the motor 14 by the inverter 23.
According to the above-described modification, the command signal processing unit 25 outputs the high PWM
frequency command signal after receiving the second PWM frequency command signal, and switches the PWM
frequency control signal to be output to the low PWM frequency command signal when the predetermined time
period has elapsed. However, even before the predetermined time period elapses, the current and voltage control
unit 27 reduces the current supplied to the motor 14 if the current and voltage control unit 27 has received the upper-
limit temperature determination signal. Therefore, even before the predetermined time elapses in the case where
the second PWM frequency command signal has been transmitted from the flight controller 3 because of the situation
where high response, high-speed rotation, and high output of the motor 14 are highly required, the current supplied
to the motor 14 is reduced if the amount of heat generation rises due to unsteady operational conditions, and heat
generation is thereby suppressed. It is thus possible to further enhance the protective function that allows the motor
14 to continue to operate while suppressing temperature rise, without stopping the operation of the motor 14 to
protect the motor drive control apparatus 2.
(3) The above embodiment has been described taking, as an example, a mode in which, as shown in the flowchart
of FIG. 3, it is determined whether or not the time period that has passed after the receipt of the second PWM
frequency command signal has reached the above-described predetermined time period without receipt of the first
PWM frequency command signal (step S103) if the second PWM frequency command signal has been received
(step S102, Yes). However, this need not be the case. FIG. 6 is a flowchart illustrating processing performed at the
command signal processing unit 25 in the motor drive control apparatus 2 according to a modification.

[0087] With the processing according to the modification shown in FIG. 6, at the command signal processing unit 25
the processing in step S103 is not performed, but steps S101, S102, and S104 to S106 are performed. Therefore, the
command signal processing unit 25 outputs the high PWM frequency command signal as the PWM frequency control
signal if it has received the second PWM frequency command signal but does not receive the upper-limit temperature
determination signal. On the other hand, the command signal processing unit 25 outputs the low PWM frequency
command signal as the PWM frequency control signal if it has received the second PWM frequency command signal
and also received the upper-limit temperature determination signal.
[0088] Accordingly, with the processing according to the modification shown in FIG. 6, if it is determined that the
second PWM frequency command signal has been received (step S102, Yes), it is determined next whether or not the
upper-limit temperature determination signal has been received from the upper-limit temperature determination unit 31
(step S104). If it is determined that the upper-limit temperature determination signal has been received (step S104, Yes),
the low PWM frequency command signal is output as the PWM frequency control signal (step S105). On the other hand,
if it is determined that the upper-limit temperature determination signal has not been received (step S104, No), the high
PWM frequency command signal is output as the PWM frequency control signal (step S106).
[0089] Furthermore, in the modification in which the processing shown in FIG. 6 is performed at the command signal
processing unit 25 as well, the current and voltage control unit 27 constitutes a current control unit in the present
embodiment for controlling the current supplied to the motor 14 by the inverter 23. If this current and voltage control unit
27 receives the upper-limit temperature determination signal while the PWM frequency control unit 29 is controlling the
PWM frequency based on the low PWM frequency command signal output by the command signal processing unit 25
after receiving the upper-limit temperature determination signal, the current and voltage control unit 27 reduces the
current supplied to the motor 14 by the inverter 23.
[0090] According to the above-described modification, because the PWM frequency is efficiently controlled based on
the command signal transmitted from the flight controller 3 in accordance with the situation of the aircraft as with the
above-described embodiment, it is possible to ensure control performance and suppress heat generation on a high level
in a well-balanced manner. Furthermore, it is thus possible to reduce the size of a heat sink serving as a heat releasing
means, and achieve a further size reduction of the configuration of the motor drive control apparatus 2.
[0091] In the above-described modification, the command signal processing unit 25 outputs the high PWM frequency
command signal if it has received the second PWM frequency command signal but has not received the upper-limit
temperature determination signal, while the command signal processing unit 25 switches the PWM frequency control
signal to be output to the PWM frequency command signal if it has received the upper-limit temperature determination
signal. Therefore, the PWM frequency is set to a low frequency if the amount of heat generation increases due to unsteady
operational conditions in the case where the second PWM frequency command signal has been transmitted from the
flight controller 3 because of the situation where high response, high-speed rotation, and high output of the motor 14
are highly required. It is thus possible to reduce a loss in the switching element to suppress heat generation, and achieve
a protective function that allows the motor 14 to continue to operate while suppressing temperature rise, without stopping
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the operation of the motor 14 to protect the motor drive control apparatus 2.
[0092] Accordingly, according to the above-described modification, it is possible to provide the motor drive control
apparatus 2 that is used for drive control of the motor 14 for driving a device whose required operational state changes
depending on the situation of the aircraft, capable of efficiently ensuring control performance and suppressing heat
generation on a high level in a well-balanced manner, reducing the size of the configuration, and further achieving a
protective function that allows the motor 14 to continue to operate while suppressing temperature rise even if the amount
of heat generation rises due to unsteady operational conditions.
[0093] Furthermore, according to the above-described modification, the command signal processing unit 25 outputs
the high PWM frequency command signal after receiving the second PWM frequency command signal, and switches
the PWM frequency control signal to be output to the low PWM frequency command signal if it has received the upper-
limit temperature determination signal. However, if, in this state, the current and voltage control unit 27 has received the
upper-limit temperature determination signal, the current and voltage control unit 27 reduces the current supplied to the
motor 14. Therefore, even if the upper-limit temperature determination signal has been received in the case where the
second PWM frequency command signal has been transmitted from the flight controller 3 because of the situation where
high response, high-speed rotation, and high output of the motor 14 are highly required, the current supplied to the motor
14 is reduced if the upper-limit temperature determination signal is received again because the amount of heat generation
rises due to unsteady operational conditions, and heat generation is thereby suppressed. It is thus possible to further
enhance the protective function that allows the motor 14 to continue to operate while suppressing temperature rise,
without stopping the operation of the motor 14 to protect the motor drive control apparatus 2.
[0094] The present invention can be widely applied to aircraft motor drive control apparatuses and aircraft motor drive
control systems that drive motors mounted in aircrafts to drive devices installed in the aircrafts, and controlling the
operational status of the motors. The present invention is not limited to the above-described embodiment, and all mod-
ifications, applications and equivalents thereof that fall within the claims, for which modifications and applications would
become apparent by reading and understanding the present specification, are intended to be embraced therein.

Claims

1. An aircraft motor drive control apparatus (2) for driving a motor (14) mounted in an aircraft to drive a device installed
in the aircraft, and controlling an operational status of the motor (14), comprising:

a) an inverter (23) that has a switching element and drives the motor (14);
b) a control unit (24) that performs pulse width modulation control of the inverter (23); and
c) a temperature measurement unit (23a) that measures a temperature of the inverter,
d) the control unit (24) including:

d1) a command signal processing unit (25) that outputs a PWM frequency control signal for controlling a
PWM frequency, which is a switching frequency in the switching element, based on a signal from a controller
(3) that generates a PWM frequency command signal for specifying the PWM frequency;
d2) a PWM frequency control unit (29) that controls the PWM frequency based on the PWM frequency
control signal; and
d3) an upper-limit temperature determination unit (31) that calculates a temperature change per unit time
based on a result of temperature measurement at the temperature measurement unit (23a), and outputs
an upper-limit temperature determination signal to the command signal processing unit (25) if the upper-
limit temperature determination unit (31) determines that the temperature will reach a predetermined upper-
limit temperature,

e) wherein the command signal processing unit (25) receives, as the PWM frequency command signal, one of
a first PWM frequency command signal received in a situation where high response and high-speed rotation of
the motor are seldom required and a second PWM frequency command signal received in a situation where
high responses, high-speed rotation, and high output of the motor are highly required,
f1) if the command signal processing unit (25) has received the first PWM frequency command signal, the
command signal processing unit (25) outputs, as the PWM frequency control signal, a low PWM frequency
command signal for causing the PWM frequency control unit (29) to control the PWM frequency so that syn-
chronous PWM control or asynchronous PWM control is performed at the PWM frequency in a predetermined
frequency range,
f2) if the command signal processing unit (25) has received the second PWM frequency command signal, and
until a time period that has passed after the receipt of the second PWM frequency command signal reaches a
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predetermined time period without receipt of the first PWM frequency command signal, the command signal
processing unit (25) outputs, as the PWM frequency control signal, a high PWM frequency command signal for
causing the PWM frequency control unit (29) to control the PWM frequency so that synchronous PWM control
or asynchronous PWM control is performed at the PWM frequency in a higher frequency range than the pre-
determined frequency range, and
f3) if the command signal processing unit (25) has received the second PWM frequency command signal, and
by when the time period that has passed without receipt of the first PWM frequency command signal after the
receipt of the second PWM frequency command signal has passed the predetermined time, if the upper-limit
temperature determination signal has been received, the command signal processing unit (25) outputs, as the
PWM frequency control signal, the low PWM frequency command signal.

2. The aircraft motor drive control apparatus (2) according to claim 1,

wherein the control unit (24) includes a current control unit (27) that controls a current supplied to the motor by
the inverter (23),
the upper-limit temperature determination unit (31) outputs the upper-limit temperature determination signal
also to the current control unit (27), and
the current control unit (27) reduces the current supplied to the motor (14) by the inverter (23) if the current
control unit (27) receives the upper-limit temperature determination signal while the PWM frequency control
unit (29) is controlling the PWM frequency based on the low PWM frequency command signal output by the
command signal processing unit (25) after receiving the upper-limit temperature determination signal.

3. The aircraft motor drive control apparatus (2) according to claim 1,
wherein the control unit (24) includes:

a current control unit (27) that controls a current supplied to the motor (14) by the inverter (23); and
the current control unit (27) reduces the current supplied to the motor (14) by the inverter (23) if the current
control unit (27) has received the upper-limit temperature determination signal.

Patentansprüche

1. Flugzeugmotor-Antriebssteuervorrichtung (2) zum Antreiben eines in einem Flugzeug montierten Motors (14), um
eine in dem Flugzeug installierte Vorrichtung anzutreiben, und zum Steuern eines Betriebsstatus des Motors (14),
umfassend:

a) einen Inverter (23), der ein Schaltelement aufweist und den Motor (14) antreibt;
b) eine Steuereinheit (24), die eine Impulsbreitenmodulationssteuerung des Inverters (23) ausführt; und
c) eine Temperaturmesseinheit (23a), die eine Temperatur des Inverters misst,
d) wobei die Steuereinheit (24) Folgendes umfasst:

d1) eine Befehlssignalverarbeitungseinheit (25), die ein PWM-Frequenz-Steuersignal zur Steuerung einer
PWM-Frequenz, die eine Schaltfrequenz in dem Schaltelement ist, auf der Grundlage eines Signals von
einem Controller (3) ausgibt, der ein PWM-Frequenz-Befehlssignal zum Spezifizieren der PWM-Frequenz
generiert;
d2) eine PWM-Frequenzsteuereinheit (29), die die PWM-Frequenz auf der Grundlage des PWM-Frequenz-
steuersignals steuert; und
d3) eine Obergrenzen-Temperaturbestimmungseinheit (31), die eine Temperaturänderung pro Zeiteinheit
auf der Grundlage eines Ergebnisses der Temperaturmessung in der Temperaturmesseinheit (23a) be-
rechnet und ein Obergrenzen-Temperaturbestimmungssignal an die Befehlssignalverarbeitungseinheit
(25) ausgibt, wenn die Obergrenzen-Temperaturbestimmungseinheit (31) bestimmt, dass die Temperatur
eine zuvor festgelegte Obergrenzen-Temperatur erreichen wird,

e) wobei die Befehlssignalverarbeitungseinheit (25) als das PWM-Frequenz-Befehlssignal eines von einem
ersten PWM-Frequenz-Befehlssignal, das in einer Situation empfangen wird, in der ein schnelles Ansprech-
verhalten und eine schnelle Drehung des Motors selten erforderlich sind, und einem zweiten PWM-Frequenz-
Befehlssignal, das in einer Situation empfangen wird, in der ein schnelles Ansprechverhalten, eine schnelle
Drehung und eine hohe Leistung des Motors in hohem Maße erforderlich sind, empfängt,
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f1) wobei, wenn die Befehlssignalverarbeitungseinheit (25) das erste PWM-Frequenz-Befehlssignal empfangen
hat, die Befehlssignalverarbeitungseinheit (25) als das PWM-Frequenzsteuersignal ein Befehlssignal mit nied-
riger PWM-Frequenz ausgibt, um die PWM-Frequenzsteuereinheit (29) zu veranlassen, die PWM-Frequenz so
zu steuern, dass eine synchrone PWM-Steuerung oder eine asynchrone PWM-Steuerung bei der PWM-Fre-
quenz in einem zuvor festgelegten Frequenzbereich ausgeführt wird,
f2) wobei, wenn die Befehlssignalverarbeitungseinheit (25) das zweite PWM-Frequenz-Befehlssignal empfan-
gen hat, und bis eine Zeitspanne, die nach dem Empfang des zweiten PWM-Frequenz-Befehlssignals verstri-
chen ist, eine zuvor festgelegte Zeitspanne ohne Empfang des ersten PWM-Frequenz-Befehlssignals erreicht,
die Befehlssignalverarbeitungseinheit (25) als das PWM-Frequenzsteuersignal ein Befehlssignal mit hoher
PWM-Frequenz ausgibt, um die PWM-Frequenzsteuereinheit (29) zu veranlassen, die PWM-Frequenz so zu
steuern, dass eine synchrone PWM-Steuerung oder eine asynchrone PWM-Steuerung bei der PWM-Frequenz
in einem höheren Frequenzbereich als dem zuvor festgelegten Frequenzbereich ausgeführt wird, und
f3) wobei, wenn die Befehlssignalverarbeitungseinheit (25) das zweite PWM-Frequenz-Befehlssignal empfan-
gen hat, und bis zu dem Moment, wo die Zeitspanne, die nach dem Empfang des zweiten PWM-Frequenz-
Befehlssignals ohne Empfang des ersten PWM-Frequenz-Befehlssignals verstrichen ist, die zuvor festgelegte
Zeit erreicht hat, wenn das Obergrenzen-Temperaturbestimmungssignal empfangen worden ist, die Befehls-
signalverarbeitungseinheit (25) als das PWM-Frequenzsteuersignal das Niedrig-PWM-Frequenz-Befehlssignal
ausgibt.

2. Flugzeugmotor-Antriebssteuervorrichtung (2) nach Anspruch 1, wobei die Steuereinheit (24) eine Stromsteuereinheit
(27) umfasst, die einen durch den Inverter (23) an den Motor ausgegebenen Strom steuert,
die Obergrenzen-Temperaturbestimmungseinheit (31) das Obergrenzen-Temperaturbestimmungssignal auch an
die Stromsteuereinheit (27) ausgibt, und
die Stromsteuereinheit (27) den dem Motor (14) durch den Inverter (23) zugeführten Strom reduziert, wenn die
Stromsteuereinheit (27) das Obergrenzen-Temperaturbestimmungssignal empfängt, während die PWM-Frequenz-
steuereinheit (29) die PWM-Frequenz anhand des Niedrig-PWM-Frequenzbefehlssignals steuert, das durch die
Befehlssignalverarbeitungseinheit (25) nach dem Empfang des Obergrenzen-Temperaturbestimmungssignals aus-
gegeben wird.

3. Flugzeugmotor-Antriebssteuervorrichtung (2) nach Anspruch 1, wobei die Steuereinheit (24) Folgendes umfasst:

eine Stromsteuereinheit (27), die einen dem Motor (14) durch den Inverter (23) zugeführten Strom steuert; und
wobei die Stromsteuereinheit (27) den dem Motor (14) durch den Inverter (23) zugeführten Strom reduziert,
wenn die Stromsteuereinheit (27) das Obergrenzen-Temperaturbestimmungssignal empfangen hat.

Revendications

1. Appareil de commande d’entraînement de moteur d’aéronef (2) pour l’entraînement d’un moteur (14) monté dans
un aéronef afin d’entraîner un dispositif installé dans l’aéronef, et commander un état de fonctionnement du moteur
(14), comprenant :

a) un onduleur (23) qui possède un élément de commutation et entraîne le moteur (14) ;
b) une unité de commande (24) qui réalise une commande de modulation de largeur d’impulsions de l’onduleur
(23) ; et
c) une unité de mesure de température (23a) qui mesure une température de l’onduleur,
d) l’unité de commande (24) incluant :

d1) une unité de traitement de signal d’instruction (25) qui délivre en sortie un signal de commande de
fréquence de modulation de largeur d’impulsions, PWM, pour commander une fréquence de PWM, qui est
une fréquence de commutation dans l’élément de commutation, sur la base d’un signal provenant d’un
contrôleur (3) qui génère un signal d’instruction de fréquence de PWM pour spécifier la fréquence de PWM ;
d2) une unité de commande de fréquence de PWM (29) qui commande la fréquence de PWM sur la base
du signal de commande de fréquence de PWM ; et
d3) une unité de détermination de température limite supérieure (31) qui calcule une variation de température
par unité de temps sur la base d’un résultat de mesure de température au niveau de l’unité de mesure de
température (23a), et délivre en sortie un signal de détermination de température limite supérieure à l’unité
de traitement de signal d’instruction (25) si l’unité de détermination de température limite supérieure (31)
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détermine que la température atteindra une température limite supérieure prédéterminée,

e) dans lequel l’unité de traitement de signal d’instruction (25) reçoit, en tant que signal d’instruction de fréquence
de PWM, l’un parmi un premier signal d’instruction de fréquence de PWM reçu dans une situation où une
réponse élevée et une rotation à grande vitesse du moteur sont rarement requises et un deuxième signal
d’instruction de fréquence de PWM reçu dans une situation où des réponses élevées, une rotation à grande
vitesse et une sortie élevée du moteur sont fortement requises,
f1) si l’unité de traitement de signal d’instruction (25) a reçu le premier signal d’instruction de fréquence de
PWM, l’unité de traitement de signal d’instruction (25) délivre en sortie, en tant que signal de commande de
fréquence de PWM, un signal d’instruction de fréquence de PWM basse pour amener l’unité de commande de
fréquence de PWM (29) à commander la fréquence de PWM de sorte qu’une commande de PWM synchrone
ou une commande de PWM asynchrone est réalisée à la fréquence de PWM dans une plage de fréquence
prédéterminée,
f2) si l’unité de traitement de signal d’instruction (25) a reçu le deuxième signal d’instruction de fréquence de
PWM, et jusqu’à ce qu’une durée qui s’est écoulée après la réception du deuxième signal d’instruction de
fréquence de PWM atteigne une durée prédéterminée sans la réception du premier signal d’instruction de
fréquence de PWM, l’unité de traitement de signal d’instruction (25) délivre en sortie, en tant que signal de
commande de fréquence de PWM, un signal d’instruction de fréquence de PWM élevée pour amener l’unité
de commande de fréquence de PWM (29) à commander la fréquence de PWM de sorte qu’une commande de
PWM synchrone ou une commande de PWM asynchrone est réalisée à la fréquence de PWM dans une plage
de fréquence supérieure à la plage de fréquence prédéterminée, et
f3) si l’unité de traitement de signal d’instruction (25) a reçu le deuxième signal d’instruction de fréquence de
PWM, et au moment où la durée qui s’est écoulée sans la réception du premier signal d’instruction de fréquence
de PWM après la réception du deuxième signal d’instruction de fréquence de PWM a dépassé le temps pré-
déterminé, si le signal de détermination de température limite supérieure a été reçu, l’unité de traitement de
signal d’instruction (25) délivre en sortie, en tant que signal de commande de fréquence de PWM, le signal
d’instruction de fréquence de PWM basse.

2. Appareil de commande d’entraînement de moteur d’aéronef (2) selon la revendication 1,
dans lequel l’unité de commande (24) inclut une unité de commande de courant (27) qui commande un courant
fourni au moteur par l’onduleur (23),
l’unité de détermination de température limite supérieure (31) délivre en sortie le signal de détermination de tem-
pérature limite supérieure également à l’unité de commande de courant (27), et
l’unité de commande de courant (27) réduit le courant fourni au moteur (14) par l’onduleur (23) si l’unité de commande
de courant (27) reçoit le signal de détermination de température limite supérieure pendant que l’unité de commande
de fréquence de PWM (29) est en train de commander la fréquence de PWM sur la base du signal d’instruction de
fréquence de PWM basse délivré en sortie par l’unité de traitement de signal d’instruction (25) après la réception
du signal de détermination de température limite supérieure.

3. Appareil de commande d’entraînement de moteur d’aéronef (2) selon la revendication 1,
dans lequel l’unité de commande (24) inclut :

une unité de commande de courant (27) qui commande un courant fourni au moteur (14) par l’onduleur (23) ; et
l’unité de commande de courant (27) réduit le courant fourni au moteur (14) par l’onduleur (23) si l’unité de
commande de courant (27) a reçu le signal de détermination de température limite supérieure.
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